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(7) ABSTRACT

Video encoding techniques are described that involve deter-
mining a number of processing cycles used during encoding
of a video frame, and encoding the video frame without
using motion estimation techniques when a number of
processing cycles used during encoding exceeds a threshold.
For example, the threshold may define a number of process-
ing cycles available for encoding of the given video frame,
and the determined number of processing cycles may be a
counted number of cycles used during the encoding process
of the given video frame. If the number of processing cycles
used during encoding exceeds the threshold, motion estima-
tion techniques can be discontinued in favor of less com-
putationally intensive encoding techniques such as texture
encoding.

10

|

RECEIVE DEVICE
8

DISPLAY
18

DECODER
16

RECEIVER

(22) Filed: Jun. 28, 2002
Publication Classification
(51) Int. CL7 o eeaiss s snsenes HO4N 7/12
SOURCE DEVICE
a4
| MEMORY
22
IMAGE
SENSOR
23
VIDEO
— ENCODER
20
TRANSMITTER
14

=




Patent Application Publication Jan. 1,2004 Sheet 1 of 6 US 2004/0001545 A1

FIG. 1
»/1 0
SOURCE DEVICE RECEIVE DEVICE
4 8
| mEmoRry DISPLAY
22 29
IMAGE
SENSOR
A VIDEO
| | ENCODER DEC%DER
.-22 —
TRANSMITTER .| RECEIVER
6




Patent Application Publication Jan. 1,2004 Sheet 2 of 6 US 2004/0001545 A1

FIG. 2
12 10
~
o ™
DIGITAL VIDEO DEVICE
TRANSMITTER
14
v )
VIDEO TEXTURE
IMAGE ENCODER ENCODER
SENSOR |20 28
23
£2 ENCODING
MOTION
CONTROLLER ENCODER
24 26
MEMORY \ —~
22




Patent Application Publication

FIG. 3

Jan. 1,2004 Sheet 3 of 6

MACROBLOCK

4\

M

v

31

IMAGE BLOCK
32A

IMAGE BLOCK
328

IMAGE BLOCK
32C

IMAGE BLOCK
32D

US 2004/0001545 A1

FIG. 4

SEARCH SPACE

MACROBLOCK |




Patent Application Publication Jan. 1,2004 Sheet 4 of 6 US 2004/0001545 A1

FIG. 5

( START

A

51\ | MONITOR AMOUNT
OF COMPUTATIONS

i

52
53
COMPUTATIONAL NO — » ENcﬁgﬁgﬁlNG
BUDGET EXCEEDED? ESTIMATION

|

YES

b

ENCODE WITHOUT f 54
USING MOTION
ESTIMATION




Patent Application Publication

( START )

e
w

Jan. 1,2004 Sheet 5 of 6 US 2004/0001545 A1

FIG. 6
A .
CALCULATE MOVING Ya 61
» AVERAGE OF CYCLES PER
FRAME
A
| SET COMPUTATIONAL Va 62
BUDGET FOR ENCODING
CURRENT FRAME
A
ENABLE MOTION Ve
ESTIMATION TO ENCODE
VIDEO BLOCKS
Y
N s
COMPUTATIONAL NG ENcﬁgﬁgﬁ'NG vis
BUDGET EXCEEDED? > ESTIMATION
YES 66
! MORE
&7 VIDEO BLOCKS TO
DISABLE MOTION /S ENCODE?
ESTIMATION
NO
68 69
Y / l /
ENCODE REMAINING VIDEO
BLOCKS WITHOUT USING » TRANSMIT ENCODED FRAME
MOTION ESTIMATION

NO

<

END



Patent Application Publication Jan. 1,2004 Sheet 6 of 6 US 2004/0001545 A1
FIG. 7
( START )
A
SET COMPUTATIONAL / 71
> BUDGET FOR ENCODING
CURRENT FRAME
Y
72 /_74
COMPUTATIONAL | INCREASE
BUDGET EXCEEDED? NO THRESHOLD AND YES
SEARCH SIZE
YES
75
Y /-
. i ENCODE USING
REDUCE SEARCH SIZEFOR |/~ "3 ES“',II'ICI)\;ITII\?I':\:)N
SUBSEQUENT VIDEO BLOCK
76
MORE

VIDEO BLOCKS TO
ENCODE?

NO
I

77

L

-

\/

T T
ANOTHER FHAME'><——— TRANSMIT ENCODED FRAME

T o



US 2004/0001545 Al

COMPUTATIONALLY CONSTRAINED VIDEO
ENCODING

TECHNICAL FIELD

[0001] The invention relates to digital video processing
and, more particularly, encoding of video sequences.

BACKGROUND

[0002] Digital video capabilities can be incorporated into
a wide range of devices, including digital televisions, digital
direct broadcast systems, wireless communication devices,
personal digital assistants (PDAs), laptop computers, desk-
top computers, digital cameras, digital recording devices,
cellular or satellite radio telephones, and the like. These and
other digital video devices can provide significant improve-
ments over conventional analog video systems in creating,
modifying, transmitting, storing, recording and playing full
motion video sequences.

[0003] A number of different video encoding standards
have been established for communicating digital video
sequences. The Moving Picture Experts Group (MPEG), for
example, has developed a number of standards including
MPEG-1, MPEG-2 and MPEG-4. Other standards include
ITU H.263, QuickTime™ technology developed by Apple
Computer of Cupertino Calif., Video for Windows™ devel-
oped by Microsoft Corporation of Redmond, Wash.,
Indeo™ developed by Intel Corporation, RealVideo™ from
RealNetworks, Inc. of Seattle, Wash., and Cinepak™ devel-
oped by SuperMac, Inc. These and other standards, includ-
ing standards yet to be developed, will continue to evolve.

[0004] Many video encoding standards achieve increased
transmission rates by encoding data in a compressed fash-
ion. Compression can reduce the overall amount of data that
needs to be transmitted for effective transmission of image
frames. The MPEG standards, for example, utilize graphics
and video compression techniques designed to facilitate
video and image transmission over a narrower bandwidth
than can be achieved without the compression. In particular,
the MPEG standards support video encoding techniques that
utilize similarities between successive image frames,
referred to as temporal or interframe correlation, to provide
interframe compression. The interframe compression tech-
niques exploit data redundancy across frames by converting
pixel-based representations of image frames to motion rep-
resentations. In addition, the video encoding techniques may
utilize similarities within image frames, referred to as spatial
or intraframe correlation, in order to achieve intra-frame
compression in which the motion representations within an
image frame can be further compressed. The intraframe
compression is typically based upon texture encoding pro-
cesses for compressing still images, such as discrete cosine
transform (DCT) encoding.

[0005] To support the compression techniques, many digi-
tal video devices include an encoder for compressing digital
video sequences, and a decoder for decompressing the
digital video sequences. In many cases, the encoder and
decoder comprise an integrated encoder/decoder (CODEC)
that operates on blocks of pixels within frames that define
the sequence of video images. In the MPEG-4 standard, for
example, the encoder of a sending device typically divides
a video image frame to be transmitted into macroblocks
comprising a 16 by 16 pixel array. For each macroblock in
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the image frame, the encoder searches macroblocks of the
immediately preceding video frame to identify the most
similar macroblock, and encodes the differences between the
macroblocks for transmission, along with a motion vector
that indicates which macroblock from the previous frame
was used for encoding. The decoder of a receiving device
receives the motion vector and encoded differences, and
performs motion compensation to generate video sequences.

[0006] The video encoding process is computationally
intensive, particularly when motion estimation techniques
are used. For example, the process of comparing video
blocks to video blocks of a previously transmitted frame
requires large numbers of computations. Improved encoding
techniques are highly desirable, particularly for use in wire-
less devices or other portable video devices where compu-
tational resources are more limited and power consumption
is a concern. In addition, techniques are desirable to facili-
tate real-time encoding in such wireless devices.

SUMMARY

[0007] This disclosure describes video encoding tech-
niques. The video encoding techniques may involve deter-
mining a number of processing cycles used during encoding
of a video frame, and selectively encoding the video frame
using different encoding modes based on the determined
number of processing cycles. If the determined number of
processing cycles does not exceed a threshold, encoding of
the video frame may be performed in a first encoding mode
using motion estimation techniques. However, a second
mode of encoding of the video frame that does not use
motion estimation techniques can be used if the determined
number of processing cycles exceeds the threshold.

[0008] The threshold may define a number of processing
cycles available for encoding of the given video frame, and
the determined number of processing cycles may be a
counted number of cycles used during the encoding process
of the given video frame. If the determined number of
processing cycles exceeds the threshold, motion estimation
techniques can be discontinued in favor of less computa-
tionally intensive encoding techniques such as texture
encoding for subsequent video blocks of the frame or for one
or more subsequent frames. Hence, different encoding
modes can be used on a selective basis to promote compu-
tational performance. In this manner, video encoding can be
accelerated, allowing real-time encoding to be realized in
devices having relatively limited processing capabilities.

[0009] The techniques may be implemented in hardware,
software, firmware, or any combination thereof. If imple-
mented in software, the techniques may be directed to a
computer readable medium comprising program code, that
when executed, performs one or more of the encoding
techniques described herein. Additional details of various
embodiments are set forth in the accompanying drawings
and the description below. Other features, objects and
advantages will become apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram illustrating an example
system in which a source device transmits an encoded
sequence of video data to a receive device.
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[0011] FIG. 2 is a block diagram illustrating an example
digital video device incorporating a video encoder that
compresses digital video sequences.

[0012] FIG. 3 is a conceptual illustration of an example
macroblock of video data.

[0013] FIG. 4 is a conceptual illustration of an example
search space.

[0014] FIGS. 5-7 are flowcharts illustrating video encod-
ing techniques that can be implemented in a digital video
device.

DETAILED DESCRIPTION

[0015] In general, this disclosure is directed to encoding
techniques that can be used to fit a video encoding scheme
into a resource limited platform with the tradeoff in com-
pression ratio. The techniques can be executed by an
encoder of a digital video device in order to reduce com-
putations in certain scenarios, accelerate processing time,
and possibly reduce power consumption during video
encoding. In this manner, the encoding techniques can
improve video encoding according to standards such as
MPEG-4, and better facilitate the implementation of video
encoding within wireless devices where computational
resources are more limited and power consumption is a
concern. In addition, the techniques may be configured to
preserve interoperability capabilities with decoding stan-
dards such as the MPEG-4 decoding standard.

[0016] The video encoding techniques described herein
apply a selective encoding technique that is responsive to a
computational metric within the encoding of a given video
frame. The techniques may apply a first encoding mode until
the computational metric exceeds a threshold, and a second
encoding mode thereafter. In this manner, the video encod-
ing techniques are capable of constraining the computational
resources devoted to encoding of a particular frame.

[0017] More specifically, the video encoding techniques
establish a computational budget for the encoding of a video
frame. Computationally intensive motion estimation tech-
niques (or any other computationally expensive modules in
video encoding) can be used as long as the computational
budget has not been exhausted. However, if the computa-
tional budget is exhausted during the encoding of a given
video frame, computationally intensive techniques can be
discontinued, in favor of less computationally intensive
encoding techniques such as intra-frame texture encoding or
motion estimation encoding over a smaller search range. The
texture encoding or reduced search range motion estimation
can be performed much more quickly, albeit with less
compression. In this manner, it can be ensured that the
encoding process for any given video frame does not take an
inordinate amount of time, which could otherwise under-
mine transmission of video sequences in real-time. Further-
more, by dynamically defining the encoding of a given video
frame, computational resources can be used more effec-
tively, exploiting data compression associated with motion
estimation when computational resources are sufficient.

[0018] A digital video device that encodes digital video
data according to a standard such as the MPEG-4 standard
may implement a processor, such as a digital signal proces-
sor (DSP), to execute an encoding algorithm. The encoding
algorithm may implement motion estimation techniques to
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encode individual video blocks that make up a video frame.
As mentioned, motion estimation techniques are very com-
putationally intensive. In particular, motion estimation tech-
niques typically involve the comparison of a video block to
be encoded to some or all of the video blocks of a previously
transmitted frame (or a subsequent frame) in order to
identify an acceptable match for use in defining a motion
vector. Furthermore, each individual comparison of one
block to another may require a number of computations in
order to perform pixel-wise comparisons. The processing
speed of the DSP executing the algorithm, however, is
generally fixed. In other words, the DSP typically operates
a defined frequency in terms of cycles per second (Hz). For
example, a DSP operating at a 50 megahertz clock speed
typically executes approximately 50 million instructions per
second.

[0019] The number of computations needed for acceptable
motion estimation encoding may be unknown for any given
video frame. For example, the number of computations
required to encode any given video frame using motion
estimation techniques may vary with the content of the video
frame and the search algorithm involved. However, to
promote real-time transmission of video sequences with a
desired resolution, the image frames may need to be encoded
within a given amount of time. In particular, approximately
15 frames per second or higher are typically needed to
ensure desired resolution of a video sequence.

[0020] Because some frames take longer to encode than
other frames using the motion estimation techniques, one
way to ensure that the DSP can support acceptable encoding
is to increase the clock speed of the DSP, and thereby ensure
that the DSP can always encode the “worst case.” That is, if
the DSP is fast enough to encode the video frames that
require the most computations within the time needed to
ensure that 15 frames per second are encoded, real-time
video sequences may be supported. Increasing the clock
speed of a DSP, however, may be very costly from both an
implementation standpoint and an operational standpoint. In
particular, increased clock speed may require additional
power consumption by the DSP, as well as additional design
complexity. Accordingly, it is highly desirable to allow
real-time video encoding to be supported by DSPs that
operate at clock speeds that may not necessarily be fast
enough to encode the “worst case” within time constrains
imposed by real-time transmission of video sequences.

[0021] By defining a computational budget for the encod-
ing of a given video frame, the required speed of the DSP
may be reduced for a given encoding scenario. In some
cases, the computational budget may be defined, at least in
part, by the average number cycles used to encode previous
video frames. In other words, if a previous video frame is
encoded very quickly, the computational savings can be
incorporated into the computational budget for a subsequent
frame, possibly allowing an increased number of computa-
tions to be performed to encode the subsequent video frame.
In one example, outlined in greater detail below, a moving
average defining processing cycles associated with a number
of previously encoded video frames may be used, in part, to
define the computational budget for encoding subsequent
video frames. Thus, computational savings during the
encoding of previously transmitted video frames may be
recycled such that the encoding of a subsequent video frame
can utilize the previous computational savings, if needed. In
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other words, the threshold may be increased for later frames
if encoding of earlier frames produce computational savings,
i.e., encoding of earlier frames is performed in fewer pro-
cessing cycles than the then-existing threshold. On the other
hand, the overuse of computational budget in the previous
frames may also be identified, and in that case, the threshold
for later frames can be reduced accordingly. In other cases,
the computational budget may be defined by a fixed thresh-
old that applies for each frame and does not change over
time.

[0022] The techniques described herein may be capable of
providing certain advantages. For example, the techniques
may facilitate a reduction in power consumption during
video encoding, and may facilitate effective real-time video
encoding using a DSP that operates at clock speed that is not
necessarily fast enough to encode the “worst case” within
the time constraints required for real-time encoding. The
techniques may be particularly useful in wireless digital
video devices or other portable video devices where com-
putational resources are more limited and power consump-
tion is a concern.

[0023] With future advances in DSP technology, DSP
clock speeds will invariably increase, and power consump-
tion will decrease for a given clock speed. Still, even with
faster and more power-efficient DSPs, the techniques
described herein may be very useful. For example, faster
clock speeds may allow improved real-time resolution by
supporting the encoding of more frames per second, or by
supporting more complex imagery such as 3-dimensional
imagery. Similarly, faster clock speeds may allow larger
video frames to be encoded in real-time. In short, the
techniques described herein are not limited for use with
DSPs operating at any given clock speed, and may be
equally useful for use with much faster DSPs, as the signal
processing technology continues to progress. Similarly, if
implemented in hardware, the hardware speed can be
reduced accordingly.

[0024] FIG. 1 is a block diagram illustrating an example
system 2 in which a source device 4 transmits an encoded
sequence of video data over communication link 6 to a
receive device 8. Source device 4 and receive device 8 are
both digital video devices. In particular, source device 4
encodes and transmits video data using any one of a variety
of video compression standards such as MPEG-4 developed
by the Moving Picture Experts Group. Other standards may
include MPEG-1, MPEG-2 or other MPEG standards devel-
oped by the Moving Picture Experts Group, ITU H.263,
Motion JPEG 2000, QuickTime™ technology developed by
Apple Computer of Cupertino Calif., Video for Windows™
developed by Microsoft Corporation of Redmond, Wash.,
Indeo™ developed by Intel Corporation, and Cinepak™
developed by SuperMac Inc.

[0025] Communication link 6 may comprise a wireless
link, a physical transmission line, a packet based network
such as a local area network, wide-area network, or global
network such as the Internet, a public switched telephone
network (PSTN), or combinations of various links and
networks. In other words, communication link 6 represents
any suitable communication medium, or possibly a collec-
tion of different networks and links, for transmitting video
data from source device 4 to receive device 8.

[0026] Source device 4 may be any digital video device
capable of encoding and transmitting video data. For
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example, source device 4 may include a memory 22 for
storing digital video sequences, a video encoder 20 for
encoding the sequences, and a transmitter 14 for transmit-
ting the encoded sequences over communication link 6.
Video encoder 20, for example, may comprise a DSP and/or
a microprocessor that executes programmable software
modules that define the encoding techniques.

[0027] Source device 4 may also include an image sensor
23, such as a video camera for capturing video sequences
and storing the captured sequences in memory 22. In some
cases, source device 4 may transmit real-time video
sequences over communication link 6. In those cases,
receive device 8 may receive the real-time video sequences
and display the video sequences to a user.

[0028] Receive device 8 may be any digital video device
capable of receiving and decoding video data. For example,
receive device 8 may include a receiver 15 for receiving
encoded digital video sequences, decoder 16 for decoding
the sequences, and display 18 for displaying the sequences
to a user.

[0029] Example devices for source device 4 and receive
device 8 include servers located on a computer network,
workstations or other desktop computing devices, and
mobile computing devices such as a laptop computers. Other
examples include digital television broadcasting satellites
and receiving devices such as digital televisions, digital
cameras, digital video cameras or other digital recording
devices, digital video telephones such as cellular radiotele-
phones and satellite radio telephones having video capabili-
ties, other wireless video devices, and the like.

[0030] In some cases, source device 4 and receive device
8 cach include an encoder/decoder (CODEC) (not shown)
for encoding and decoding digital video data. In that case,
both source device 4 and receive device 8 may include
transmitters and receivers as well as memory and displays.
Many of the encoding techniques outlined below are
described in the context of a digital video device that
includes an encoder. It is understood, however, that the
encoder may form part of a CODEC. In that case, the
CODEC may be implemented as a DSP, a microprocessor,
an application specific integrated circuit (ASIC), discrete
hardware components, or various combinations thereof.

[0031] Source device 4, for example, operates on blocks of
pixels within the sequence of video images in order to
encode the video data. For example, encoder 20 of source
device 4 may execute motion estimation encoding tech-
niques in which the video image frame to be transmitted is
divided into macroblocks comprising a number of smaller
image blocks. For each macroblock in the image frame,
video encoder 20 of source device 4 searches macroblocks
stored in memory 22 for the preceding video frame already
transmitted (or a subsequent video frame) to identify a
similar macroblock, and encodes the difference between the
macroblocks, along with a motion vector that identifies the
macroblock from the previous frame that was used for
encoding. In some cases, source device 4 may support
programmable thresholds which can cause termination of
various tasks or iterations during the encoding process in
order to reduce the number of computations and conserve
power.

[0032] In motion estimation, the term “task” refers to a
common set of computations used to compare a current
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video block to a different video block within a search space.
In other words, a task refers to a single comparison between
a current video block and a different video block in the
search space. For example, a task may involve performing a
number of computations in order to compare a number of
pixels of the current video block to those of the different
video block. For example, 64 computations (in the case of an
image block) or 256 computations (in the case of a mac-
roblock) may comprise a task. During each task, the com-
putations can be accumulated to define an ongoing differ-
ence value for the task (sometimes referred to as a difference
metric). A decision whether to terminate any given task can
be made after each computation, or alternatively, after
subsets of computations, i.e., integer numbers of computa-
tions that define a subset of the task. In the later case, the
integer number of computations may be programmable to
provide additional flexibility to the encoding routine.

[0033] In motion estimation, the term “iteration” refers to
a common set of tasks performed during video encoding. A
complete series of tasks associated with a current video
block is an iteration. In other words, an iteration is a set of
comparisons in which a current video block is compared to
a set of previous video blocks (or subsequent video blocks)
in the search space. Each individual comparison is a task that
involves a number of computations. Thus, a search space
defines a set of video blocks that are compared to a current
video block during an iteration. Each comparison of an
iteration is referred to as a task, and each task, i.e., each
comparison, may involve a number of computations. Itera-
tions may be terminated prematurely, for example, if during
the coarse of an iteration, an acceptable match is identified.

[0034] In performing motion estimation to encode an
image frame, an iteration can be performed for each video
block, e.g., macroblock or image block, of the frame. A
number of tasks are performed for each iteration, and each
task comprises a number of computations. Accordingly, a
very large number of computations may be needed to encode
an image frame using motions estimation techniques. As
described in greater detail below, the establishment of a
computational budget for encoding an image frame can
ensure that motion estimation does not cause the computa-
tional budget to be exhausted to an extent that may under-
mine effective real-time video transmission.

[0035] Receiver 15 of receive device 8 may receive the
encoded video data such as in the form of motion vectors
and encoded differences. In that case, decoder 16 performs
texture decoding and motion compensation techniques to
generate video sequences for display to a user via display 18.
The decoder 16 of receive device 8 may also be imple-
mented as an encoder/decoder (CODEC). In that case, both
source device and receive device may be capable of encod-
ing, transmitting, receiving and decoding digital video
sequences.

[0036] During the encoding of any given video frame, it
may determined whether motion estimation techniques
should be discontinued in favor of less computationally
intensive encoding techniques. In other words, a first mode
of encoding using motion estimation can used initially, but
may be dynamically terminated if the number of used
processing cycles exceeds the threshold. In that case, a
second mode of encoding that does not use motion estima-
tion may be used instead of the first mode in order to reduce

Jan. 1, 2004

the number of computations required to finish encoding the
frame. As mentioned, a computational budget can be estab-
lished and monitored to determine whether motion estima-
tion should be discontinued at any given instance. If so,
intra-frame compression techniques commonly used for
compressing still images may be used in lieu of motion
estimation.

[0037] One example of a less computationally intensive
encoding technique is texture encoding using discrete cosine
transform (DCT) techniques known in the art. Texture
encoding can be performed much more quickly than motion
estimation encoding and with fewer computations. How-
ever, texture encoding may not provide the same advantages
in terms of data compression. When motion estimation is
used, texture encoding can also be used in addition to the
motion estimation techniques. When motion estimation is
avoided, however, texture encoding or another less compu-
tationally intensive encoding technique may be used in lieu
of the motion estimation, resulting in computational savings.

[0038] FIG. 2 is a block diagram illustrating an example
digital video device 10, such as source device 4 incorporat-
ing a video encoder 20 that compresses digital video
sequences according to the techniques described herein.
Exemplary digital video device 10 is illustrated as a wireless
device, such as a mobile computing device, a personal
digital assistant (PDA), a wireless communication device, a
radio telephone, and the like. However, the techniques in this
disclosure are not limited to wireless devices, and may be
readily applied to other digital video devices including
non-wireless devices.

[0039] In the example of FIG. 2, digital video device 10
transmits compressed digital video sequences via transmitter
14 and antenna 12. Video encoder 20 encodes the video
sequences and buffers the encoded digital video sequences
within video memory 22 prior to transmission. For example,
video encoder 20 may comprise a programmable digital
signal processor (DSP), a microprocessor, one or more
application specific integrated circuits (ASICs), specific
hardware components, or various combinations of theses
devices and components. Memory 22 may store computer
readable instructions and data for use by video encoder 20
during the encoding process. For example, memory 22 may
comprise synchronous dynamic random access memory
(SDRAM), FLASH memory, electrically erasable program-
mable read only memory (EEPROM), or the like.

[0040] In some cases, digital video device 10 includes an
image sensor 23 for capturing video sequences. For
example, image sensor 23 may capture video sequences and
store them in memory 22 for encoding. Image sensor 23 may
also be coupled directly to video encoder 20 in order to
improve video encoding in real-time. Encoding techniques
using a computational budget for each frame may ensure
that encoding occurs within an amount of time that allows
real-time transmission of video sequences to be realized,
even if video encoder 20 operates at relatively slow clock
speeds.

[0041] By way of example, image sensor 23 may comprise
a camera. In particular, image sensor 23 may include a
charge coupled device (CCD), a charge injection device, an
array of photodiodes, a complimentary metal oxide semi-
conductor (CMOS) device, or any other photosensitive
device capable of capturing video images or digital video
sequences.
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[0042] By way of example, video encoder 20 may com-
prise a DSP. Video encoder 20 may include an encoding
controller 24 to selectively control motion encoder 26 and
texture encoder 28. In other words, each of these compo-
nents may comprise software modules executing on the
DSP. Alternatively, one or more components of video
encoder 20 may comprise specifically designed hardware
components, or one or more ASICs, that execute one or more
aspects of the techniques described herein. In any case,
encoding controller 24 controls the encoding of video
frames by selectively invoking motion encoder 26 and
texture encoder 28. In many cases, both motion encoder 26
and texture encoder 28 are used during the encoding process
associated with a video frame.

[0043] Motion encoder 26 performs computationally
intensive motion estimation encoding techniques, such as
those described in greater detail below. Texture encoder 28,
on the other hand, performs less computationally intensive
texture encoding techniques such as intra-frame compres-
sion commonly used for compressing still images. For
example, texture encoder 28 may perform discrete cosine
transform (DCT) encoding as is known in the art. Texture
encoder 28 may be invoked in addition to motion encoder 26
in a first mode when motion estimation techniques are used,
or in a second mode in lieu of motion estimator 26 when
motion estimation techniques are avoided.

[0044] Encoding controller 24 may establish a threshold to
define a computational budget for the encoding of a given
video frame. Encoding controller 24 may store the threshold
in memory 22, and access the threshold during the encoding
routine in order to assess whether the computational budget
has been exhausted. Encoding controller 24 may enable
motion encoder 26 to execute motion estimation techniques
as long as the computational budget has not been exhausted.
However, if the computational budget has been exhausted,
encoding controller 24 may disable motion encoder 26. In
that case, any remaining encoding of the video frame can be
performed simply using texture encoder 28, which requires
significantly fewer computations, and thus fewer processing
cycles. In this manner, encoding controller 24 can ensure
that the encoding of a video frame is performed within an
allocated amount of time, ensuring that real-time video
sequences can be transmitted.

[0045] Encoding controller 24 may establish the threshold
based in part on a known frequency associated with video
encoder 20. As mentioned, video encoder 20 may comprise
a digital signal processor (DSP) executing various software
modules corresponding to encoding controller 24, texture
encoder 28 and motion controller 26. The speed of video
encoder 20 is generally fixed. In other words, the video
encoder 20 typically operates at a defined frequency in terms
of cycles per second (Hz). In one example, the video encoder
20 may operate at a 50 Megahertz clock speed such that it
can execute approximately 50 million instructions per sec-
ond. Faster or slower clock speeds may also be used. In any
event, the threshold may be established based in part on the
known clock speed of video encoder 20. In some cases, the
threshold may be a fixed value programmed into encoding
controller 24, and in other cases the threshold may be a
dynamic value that is adjusted based on the number of
processing cycles used to encode one or more previous
video frames.
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[0046] For example, encoding controller 24 may establish
the threshold on a frame-by-frame basis, based on the
number of processing cycles used to encode one or more
previous video frames. Some frames may take longer to
encode than other frames using the motion estimation tech-
niques. Therefore, the computation budget may be defined,
at least in part, by the average number of cycles used to
encode previous video frames. In other words, if a previous
video frame is encoded very quickly, the computational
savings can be incorporated into the computational budget
for a subsequent frame, possibly allowing an increased
number of computations to be performed to encode the
subsequent video frame. In one example, a moving average
defining processing cycles associated with a number of
previously encoded video frames may be used to define the
computational budget for encoding subsequent video
frames. In this manner, computational savings during the
encoding of previously transmitted video frames may be
recycled such that the encoding of a subsequent video frame
can utilize the previous computational savings, if needed.

[0047] Encoding controller 24 may determine the number
of processing cycles used during the encoding of a given
video frame by specifically counting the number of clock
cycles that are used, or by tracking the timing associated
with the encoding of the video frame. In any case, encoding
controller 24 monitors the number of processing cycles used
during encoding of a given video frame and compares the
number of used cycles to the threshold in order to determine
whether the computational budget has been exhausted. If so,
encoding controller 24 may disable motion encoder 26 and
perform the remaining encoding of the frame using only
texture encoder 28. However, as long as the computational
budget has been exhausted, motion encoder 26 may be used
because motion estimation techniques generally allow for
increased compression and thus reduced bandwidth con-
sumption during transmission of the video sequences.

[0048] During motion estimation encoding, motion
encoder 26 compares a current video block associated with
a current video frame to be encoded with various video
blocks of a previous image frame or a subset thereof (or a
subsequent image frame or subset thereof). Upon identifying
a similar video block, motion encoder 26 determines the
differences between the current video block and the similar
video block. Encoding controller 24 may receive this infor-
mation from motion encoder 26 and may forward the
information to transmitter 14. Transmitter can then transmit
a motion vector that identifies the similar video block as well
as the differences identified by motion encoder 26. Trans-
mitter 14 may transmit encoded information for each image
block, or may transmit the information for a complete image
frame once the frame has been encoded. By encoding image
blocks using motion vectors, the required bandwidth for
transmission of streams of video data can be significantly
reduced. However, by avoiding the use of motion estimation
in certain instances, real-time transmission may be ensured.

[0049] FIG. 3 illustrates an example macroblock 31 that
can be stored within memory 22. MPEG standards and other
video encoding schemes make use of macroblocks during
motion estimation video encoding. In MPEG standards, the
term macroblock refers to a 16 by 16 collection of pixel
values that form a subset of a video image frame. Each pixel
value may be represented by a byte of data, although larger
or smaller number of bits could also be used to define each
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pixel in order to achieve the desired imaging quality. A
macroblock may comprise a number of smaller 8 by 8 pixel
image blocks 32. In general, however, the encoding tech-
niques described herein may operate using blocks of any
defined size, such as 16-byte by 16-byte macroblocks,
8-byte by 8-byte image blocks, or different sized video
blocks, if desired.

[0050] FIG. 4 illustrates an example search space 41 that
can be stored within memory. The search space 41 is a
buffered collection of video blocks corresponding to a
previously transmitted image frame (or a subsequent image
frame of a sequence of frames). The search space may
comprise the previous or subsequent image frame in its
entirety, or a subset of the image frame, if desired. In
general, a larger search space will result in more computa-
tions during motion estimation encoding because a larger
search space defines more blocks that can be compared to
the current block to be encoded, i.e., more tasks per iteration.
Again, the current image frame is compared to blocks in the
search space 41 in order to identify an adequate match so
that the differences between the current block and the similar
image block in the previous frame can be transmitted along
with a motion vector that identifies the similar image block
of the previous frame.

[0051] More specifically, during motion estimation video
encoding, the motion encoder 26 can compare current video
blocks to be encoded, with previous video blocks using
comparison techniques, such as Sum of Absolute Difference
(SAD) techniques or Sum of Squared Difference (SSD)
techniques, as is well known in the art of video encoding.
Other comparison techniques may also be used.

[0052] The SAD technique involves the tasks of perform-
ing absolute difference computations between pixel values
of the current block to be encoded, with pixel values of the
previous block to which the current block is being com-
pared. The results of these absolute difference computations
are summed, i.e., accumulated, in order to define a difference
value indicative of the difference between the current video
block and the previous video block to which the current
video block is being compared. For an 8 by 8 pixel image
block, 64 differences may be computed and summed, and for
a 16 by 16 pixel macroblock, 256 differences may be
computed and summed. In some cases, task computations
may be terminated when an accumulated difference value
exceeds the task threshold. In that case, the additional
computations may be unnecessary.

[0053] The SSD technique also involves the task of per-
forming difference computations between pixel values of the
current block to be encoded with pixel values of the previous
block to which the current block is being compared. In the
SSD technique, the results of absolute difference computa-
tions are squared, and then the squared values are summed,
i.e., accumulated, in order to define a difference value
indicative of the difference between the current video block
and the previous video block to which the current video
block is being compared.

[0054] Alternatively, other comparison techniques such as
a Mean Square Error (MSE), a Normalized Cross Correla-
tion Function (NCCF), or another suitable comparison algo-
rithm may be performed. In any case, however, motion
estimation techniques require a very large number of com-
putations to identify a match acceptable for video encoding
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using a motion vector. Accordingly, the motion estimation
techniques may be avoided in certain scenarios where it is
determined that the computational budget is not sufficient to
allow motion estimation techniques to be performed within
the allotted time.

[0055] FIG. 5 is a flow diagram illustrating a video
encoding technique in accordance with the principles of this
disclosure. As shown, during encoding a video frame,
encoding controller 24 monitors the amount of computations
(51), such as by counting or summing the number of
processing cycles as they occur, or by timing the encoding
process. If a computational budget is exceeded (yes branch
of 52), for example, when a number of counted processing
cycles exceeds an established threshold, the encoding pro-
cess proceeds without using motion estimation techniques
(53). For example, texture encoding, or other less compu-
tationally intensive encoding techniques may be used when
the computational budget is exceeded (yes branch of 52).
However, as long as the computational budget is not
exceeded (no branch of 52), then motion estimation tech-
niques are used for encoding (54). Motion estimation may be
preferred if the computational resources are available
because motion estimation encoding can result in increased
data compression and thus reduced bandwidth consumption
during transmission of video sequences.

[0056] Alternatively, the motion estimation techniques
can be modified based on the extent of remaining compu-
tational resources. In other words, as the number of used
processing cycles approaches the threshold, encoding con-
troller may dynamically change the motion estimation tech-
niques executed by motion encoder 26, such as by reducing
the size of the search space for any given iteration. In this
manner, motion estimation may be more readily exploited
within the computational constraints.

[0057] FIG. 6 is a more detailed flow diagram illustrating
a video encoding technique in accordance with the prin-
ciples of this disclosure. As shown in FIG. 6, encoding
controller 24 of digital video device 10 begins encoding a
video frame by calculating a moving average of cycles per
frame (61). In other words, encoding controller 24 deter-
mines the average number of cycles per frame that were used
to encode a number of previous video frames. Encoding
controller 24 then sets a computational budget for encoding
a current video frame. In particular, encoding controller 24
may define a threshold to define a number of processing
cycles that can be used for motion estimation. The threshold
may be defined by the clock speed of video encoder 20, and
may be further defined, in part, by the calculated moving
average. For example, if the average number of cycles per
frame required to encode a number of previous video frames
was significantly less than expected, the computational
savings may be incorporated into the threshold so that
additional computations can be performed. Similarly, if the
average number of cycles per frame required to encode a
number of previous video frames was significantly more
than expected, the computational excess may be incorpo-
rated into the threshold so that fewer computations can be
performed for later frames. Encoding controller 24 may
store the threshold in memory 22 so that the threshold can
be accessed during the encoding routine.

[0058] Encoding controller 24 enables motion encoder 26
to encode image blocks using motion estimation techniques,
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such as those outlined above (63). During encoding, encod-
ing controller 24 monitors and determines the number of
processing cycles used, such as by counting a number of
processing cycles used by video encoder 20, or by tracking
an amount of time elapsed during the encoding of the current
video block. Other estimation techniques may also be used
to determine the number of used cycles. Encoding controller
24 then determines whether the computational budget has
been exceeded (64), such as by comparing the number of
processing cycles used during the encoding of the current
video frame to the threshold stored in memory 22. If the
computational budget has not been exceeded (no branch of
64), motion estimation is used to encode the video blocks
(65). In some cases, if motion estimation is used, texture
encoding techniques may be used in addition to the motion
estimation encoding techniques. As long as additional video
blocks of the frame still need to be encoded (yes branch of
66), the process of monitoring the computational budget
(64) is repeated.

[0059] 1If encoding controller 24 determines that the com-
putational budget has been exceeded (yes branch of 64),
such as by determining that the number of processing cycles
used during the encoding of the current video frame exceeds
the threshold stored in memory 22, encoding controller
disables motion encoder 26 (67). In that case, video encoder
20 encodes any remaining video blocks without using
motion estimation techniques (68). For example, encoding
controller 24 may disable motion encoder 26 and enable
only texture encoder 28 so that the remaining video blocks
can be encoded using texture encoding techniques. Addi-
tional encoders implementing other encoding techniques
may be added in addition to, or in lieu of texture encoder 28.
In some cases, when motion estimation is disabled, the full
video frame may be encoded using only texture encoding
techniques, discarding the motion vectors that were calcu-
lated. However, in most cases, the motion vectors that were
calculated while motion encoder 26 was enabled can be
used. In the later case, only the remaining video blocks that
were not encoded using the motion estimation techniques
may need to be encoded using only texture encoding tech-
niques.

[0060] FIG. 7 is a flow diagram illustrating a variation of
the video encoding technique of FIG. 6. In this case,
encoding controller 24 sets a computational budget for
encoding a current video frame (71). For example, encoding
controller may calculate a moving average of cycles per
frame and define a threshold to define a number of process-
ing cycles that can be used for encoding. The threshold may
be defined by the clock speed of video encoder 20, and may
be further defined, in part, by the calculated moving average.

[0061] Encoding controller 24 then determines whether
the computational budget has been exceeded (72), such as by
comparing the number of processing cycles used during the
encoding of the current video frame to the threshold stored
in memory 22. If the computational budget has not been
exceeded (no branch of 72), the threshold may be increased
(74) to account for the under usage of previous frames, and
motion estimation can be used to encode the video blocks
(75). On the other hand, if the computational budget has
been exceeded (yes branch of 72), the search size used for
motion estimation of subsequent video blocks can be
reduced, and motion estimation can be used (75). In other
words, rather than terminate motion estimation altogether
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upon determining that the computational budget has been
exceeded (as shown in FIG. 6), in FIG. 7, the technique
modifies on a dynamic basis the scope of motion estimation
that is performed. In this manner, the technique may
dynamically adjust the number of computations to be per-
formed. The measured or estimated computational use rela-
tive to the established computational budget can be exam-
ined on a periodic on constant basis to dynamically adjust
the encoding algorithm. Such techniques can improve real-
time encoding particularly in a resource limited platform,
with the tradeoff in compression ratio.

[0062] Once the frame has been encoded, encoding con-
troller 24 forwards the encoded frame from memory 22 to
transmitter 14. Transmitter 14 can then transmit the encoded
frame (77). The technique illustrated in FIG. 7 may then
repeat to encode additional video frames (70). In still other
examples, the technique shown in FIG. 7 may be extended
across the encoding of two or more video frames. In other
words, computational savings or excess associated with one
frame may be accounted for in the establishment and/or
modification of the budgeted threshold for subsequent
frames, or in the defined size of the search that is performed
for any given frame or any individual video block of a frame.

[0063] In some cases, frames encoded according to the
techniques described herein may have a unique format that
is compliant with one or more MPEG standards such as the
MPEG-4 standard. For example, if the video frame defines
(N) video blocks, a first set of video blocks defining a
sequence of blocks (1 to M) may be substantially encoded
using motion vectors. In some cases, a few of the video
blocks in the first sequence may be encoded without using
motions vectors, for example, if an acceptable motion vector
is not identified for one or more blocks, and in other cases
all of the video blocks in the first sequence may be encoded
using motion vectors. A second set of video blocks defining
a sequence of blocks (M+1 to N) may be encoded without
using motion vectors. For example, when motion estimator
26 is disabled as outlined above, the remaining video blocks
may be encoded using only texture encoder 28. A frame
defined according to this format may be stored on a com-
puter readable medium such as memory 22 of device 10.
Additionally, a frame defined according to this format may
be stored on a computer readable medium in the form of a
carrier wave modulated with the encoded data. For example,
the modulated carrier wave may be the medium used to
transmit the frame from device 10 via transmitter 14 and
antenna 12. In either case, the computer readable medium
may comprise the image frame stored thereon.

[0064] A number of different embodiments have been
described. For example, video encoding techniques are
described which establish a computational budget for the
encoding of video frames. The described techniques may be
capable of improving video encoding by avoiding compu-
tations in certain scenarios, accelerating the encoding pro-
cess, and possibly reducing power consumption during
video encoding. In this manner, the techniques can improve
video encoding according to standards such as MPEG-4, and
can better facilitate the implementation of video encoding
within wireless devices where computational resources are
more limited and power consumption is a concern. In
addition, the techniques may not affect interoperability with
decoding standards such as the MPEG-4 decoding standard.
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[0065] Nevertheless, various modifications can be made
without departing from the spirit and scope of the claims.
For example, in some cases, the motion estimation tech-
niques can be modified based on the computational
resources that are currently available. For example, search-
ing techniques may be modified based on available compu-
tational resources during the encoding of any given video
frame. In other words, in some cases, the computational
budget may be more closely monitored in order to dynami-
cally define the scope of motion estimation techniques that
are used. In particular, the number of comparisons and
searches used during motion estimation may be dynamically
adjusted or defined based on the amount available compu-
tations as determined by the number of computations that
have been used, relative to the threshold. For example, if
more computational resources are available, more exhaus-
tive searches may be used during motion estimation. How-
ever, as computational resources become more limited dur-
ing the encoding of any given video frame, less exhaustive
searches may be used. At some point motion estimation may
be avoided altogether as outlined above. A number of
different thresholds may be established to define when the
motion estimation techniques should be modified, adjusted,
or terminated. These or other modifications and extensions
to the techniques described above may be implemented to
improve the encoding process.

[0066] The techniques may be implemented in hardware,
software, firmware, or any combination thereof. If imple-
mented in software, the techniques may be directed to a
computer readable medium comprising program code, that
when executed in a device that encodes video streams
compliant with an MPEG-4 standard, performs one or more
of the methods mentioned above. In that case, the computer
readable medium may comprise random access memory
(RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable
programmable read-only memory (EEPROM), FLASH
memory, and the like.

[0067] The program code may be stored on memory in the
form of computer readable instructions. In that case, a
processor such as a DSP may execute instructions stored in
memory in order to carry out one or more of the techniques
described herein. In some cases, the techniques may be
executed by a DSP that invokes various hardware compo-
nents to accelerate the encoding process. In other cases, the
video encoder may be implemented as a microprocessor, one
or more application specific integrated circuits (ASICs), one
or more field programmable gate arrays (FPGAs), or some
other hardware-software combination. These and other
embodiments are within the scope of the following claims.

1. A device comprising:

an encoder that encodes video frames by determining a
number of processing cycles used as a given video
frame is encoded, and selecting an encoding mode
based on the determined number of processing cycles;
and

a transmitter that transmits the encoded video frames.

2. The device of claim 1, wherein the encoder selects an
encoding mode that encodes the given video frame without
using motion estimation techniques when a number of
processing cycles used during encoding exceeds a threshold.
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3. The device of claim 2, wherein the encoder selects an
encoding mode that encodes the given video frame using
motion estimation techniques when the number of process-
ing cycles used during encoding is less than the threshold.

4. The device of claim 2, wherein the encoder establishes
the threshold to define a computational budget for encoding
of the given video frame.

5. The device of claim 2, wherein the encoder establishes
the threshold by calculating an average number of process-
ing cycles associated with a number of previously encoded
video frames and defining the threshold based at least in part
on the calculated average number of processing cycles.

6. The device of claim 1, wherein determining the number
of processing cycles comprises counting the number of
processing cycles used during encoding of the given video
frame.

7. The device of claim 1, further comprising an image
sensor to capture video frames in real-time, wherein the
encoder encodes the video frames in real-time and wherein
the transmitter transmits the encoded video frames in real-
time.

8. The device of claim 1, wherein the video frames are
encoded according to an MPEG-4 standard.

9. The device of claim 1, wherein the device is a wireless
device.

10. The device of claim 1, wherein the device is a battery
powered device.

11. The device of claim 1, wherein the encoder comprises
a digital signal processor that executes machine readable
instructions.

12. A method comprising:

determining a number of processing cycles used during
encoding of a video frame; and

selectively encoding the video frame based on the deter-

mined number of processing cycles.

13. The method of claim 12, further comprising selecting
an encoding mode for the video frame that does not use
using motion estimation techniques when a number of
processing cycles used during encoding exceeds a threshold.

14. The method of claim 13, further comprising selecting
an encoding mode for the video frame that uses motion
estimation techniques when the number of processing cycles
used during encoding is less than the threshold.

15. The method of claim 13, further comprising estab-
lishing the threshold to define a computational budget for
encoding of the video frame.

16. The method of claim 15, wherein establishing the
threshold includes calculating an average number of pro-
cessing cycles associated with a number of previously
encoded video frames and defining the threshold based at
least in part on the calculated average number of processing
cycles.

17. The method of claim 12, wherein determining the
number of processing cycles comprises counting the number
of processing cycles used during encoding of the video
frame.

18. The method of claim 12, wherein selectively encoding
the video frame includes dynamically adjusting a number of
computations to be performed.

19. A method comprising:

establishing a threshold to define a number of available
processing cycles for encoding a video frame;
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determining a number of processing cycles used during
encoding of the video frame;

encoding the video frame using motion estimation tech-
niques when a number of processing cycles used during
encoding is less than the threshold; and

encoding the video frame without using motion estima-
tion techniques when the number of processing cycles
used during encoding is greater than the threshold.

20. The method of claim 19, wherein determining the
number of processing cycles comprises counting the number
of processing cycles used during encoding of the video
frame.

21. The method of claim 19, wherein establishing the
threshold includes calculating an average number of pro-
cessing cycles associated with a number of previously
encoded video frames and defining the threshold based at
least in part on the calculated average number of processing
cycles.

22. A device comprising:

an encoder that encodes video frames by establishing a
threshold to define a computational budget for encod-
ing a given video frame, determining a number of
processing cycles used during encoding of the given
video frame, encoding the given video frame using
motion estimation techniques when a number of pro-
cessing cycles used during encoding is less than the
threshold, and encoding the given video frame without
using motion estimation techniques when the number
of processing cycles used during encoding is greater
than the threshold; and

a transmitter that transmits the encoded video frames.

23. The device of claim 22, wherein the device is selected
from the group consisting of: a digital television, a wireless
communication devices, a personal digital assistant, a laptop
computer, a desktop computer, a digital camera, a digital
recording device, a cellular radiotelephone having video
capabilities, and a satellite radiotelephone having video
capabilities.

24. An apparatus comprising:

a memory that stores computer executable instructions;
and

a processor that executes the instructions to determine a
number of processing cycles used during encoding of a
given video frame and select an encoding mode to
encode the given video frame based on the determined
number of processing cycles.

25. The apparatus of claim 24, wherein the memory stores

a threshold that defines a computational budget for a video
encoding routine, and wherein the processor executes the
instructions to select an encoding mode that encodes the
given video frame without using motion estimation tech-
niques when a number of processing cycles used during
encoding exceeds the threshold.

26. The apparatus of claim 25, wherein the processor
further executes the instructions to select an encoding mode
that encodes the given video frame using motion estimation
techniques when the number of processing cycles used
during encoding is less than the threshold.

27. The apparatus of claim 25, wherein the processor
further executes the instructions to establish the threshold to
define a computational budget for encoding of the given
video frame.
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28. The apparatus of claim 27, wherein the processor
executes the instructions to establish the threshold by cal-
culating an average number of processing cycles associated
with a number of previously encoded video frames and
defining the threshold based at least in part on the calculated
average number of processing cycles.

29. The apparatus of claim 24, wherein the processor
executes instructions to determine the number of processing
cycles by executing instructions to count the number of
processing cycles used during encoding of the given video
frame.

30. An apparatus comprising:

a memory that stores computer executable instructions
and a threshold that defines a computational budget for
a video encoding routine; and

a processor that executes the instructions to establish the
threshold stored in memory, determine a number of
processing cycles used during encoding of a given
video frame, encode the given video frame using
motion estimation techniques when a number of pro-
cessing cycles used during encoding is less than the
threshold, and encode the given video frame without
using motion estimation techniques when the number
of processing cycles used during encoding is greater
than the threshold.

31. The apparatus of claim 30, wherein the processor
executes the instructions to determine the number of pro-
cessing cycles by executing instructions to count the number
of processing cycles used during encoding of the given
video frame.

32. The apparatus of claim 30, wherein the processor
executes instructions to establish the threshold by executing
instructions to calculate an average number of processing
cycles associated with a number of previously encoded
video frames and define the threshold based at least in part
on the calculated average number of processing cycles.

33. An apparatus that encodes video blocks according to
an MPEG-4 standard by:

determining a number of processing cycles used during
encoding of a video frame; and

selectively encoding the video frame using different
encoding modes based on the determined number of
processing cycles.

34. The apparatus of claim 33, wherein the apparatus
encodes the video frame without using motion estimation
techniques when a number of processing cycles used during
encoding exceeds a threshold.

35. The apparatus of claim 33, wherein determining the
number of processing cycles comprises counting the number
of processing cycles used during encoding of the video
frame.

36. An apparatus that encodes video blocks according to
an MPEG-4 standard by:

establishing a threshold number of processing cycles;

determining a number of processing cycles used during
encoding of the video frame;

encoding the video frame using motion estimation tech-
niques when a number of processing cycles used during
encoding is less than the threshold; and
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encoding the video frame without using motion estima-
tion techniques when the number of processing cycles
used during encoding is greater than the threshold.

37. The apparatus of claim 36, wherein determining the
number of processing cycles comprises counting the number
of processing cycles used during encoding of the video
frame.

38. The apparatus of claim 36, wherein establishing the
threshold includes calculating an average number of pro-
cessing cycles associated with a number of previously
encoded video frames and defining the threshold based at
least in part on the calculated average number of processing
cycles.

39. A computer readable medium comprising instructions
that upon execution in a device that encodes video streams
compliant with an MPEG-4 standard:

determine a number of processing cycles used during
encoding of a video frame; and

selectively encode the video frame using different encod-
ing modes based on the determined number of process-
ing cycles.

40. The computer readable medium of claim 39, wherein
the instructions upon execution encode the video frame
without using motion estimation techniques when a number
of processing cycles used during encoding exceeds a thresh-
old.

41. The computer readable medium of claim 40, wherein
the instructions upon execution encode the video frame
using motion estimation techniques when the number of
processing cycles used during encoding is less than the
threshold.

42. The computer readable medium of claim 40, wherein
the instructions upon execution establish the threshold to
define a computational budget for encoding of the video
frame.

43. The computer readable medium of claim 42, wherein
the instructions upon execution establish the threshold by
calculating an average number of processing cycles associ-
ated with a number of previously encoded video frames and
define the threshold based at least in part on the calculated
average number of processing cycles.

44. The computer readable medium of claim 39, wherein
the instructions upon execution determine the number of
processing cycles by counting the number of processing
cycles used during encoding of the video frame.

45. A computer readable medium comprising instructions
that upon execution in a device that encodes video streams
compliant with an MPEG-4 standard:

establish a threshold to define a computational budget for
encoding a video frame;

determine a number of processing cycles used during
encoding of the video frame;

encode the video frame using motion estimation tech-
niques when a number of processing cycles used during
encoding is less than the threshold; and

encode the video frame without using motion estimation

techniques when the number of processing cycles used
during encoding is greater than the threshold.

46. The computer readable medium of claim 45, wherein

the instructions upon execution determine the number of
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processing cycles by counting the number of processing
cycles used during encoding of the video frame.

47. The computer readable medium of claim 45, wherein
the instructions upon execution establish the threshold by
calculating an average number of processing cycles associ-
ated with a number of previously encoded video frames and
defining the threshold based at least in part on the calculated
average number of processing cycles.

48. An apparatus comprising:

means for determining a number of processing cycles
used during encoding of a video frame; and

means for encoding the video frame without using motion
estimation techniques when a number of processing
cycles used during encoding exceeds a threshold.

49. An apparatus comprising:

means for establishing a threshold to define a computa-
tional budget for encoding a video frame;

means for determining a number of processing cycles
used during encoding of the video frame;

means for encoding the video frame using motion esti-
mation techniques when a number of processing cycles
used during encoding is less than the threshold; and

means for encoding the video frame without using motion
estimation techniques when a number of processing
cycles used during encoding is greater than the thresh-
old.

50. A method comprising:

establishing a threshold to define a computational budget
for encoding a video frame;

determining a number of processing cycles used as the
video frame is encoded; and

adjusting an encoding routine based on the determined

number of processing cycles relative to the threshold.

51. A computer readable medium comprising instructions

that upon execution in a device that encodes video streams
compliant with an MPEG-4 standard:

establish a threshold to define a computational budget for
encoding a video frame;

determine a number of processing cycles used as the
video frame is encoded; and

adjust an encoding routine based on the determined
number of processing cycles relative to the threshold.
52. An apparatus comprising:

a memory that stores computer executable instructions
and a threshold that defines a computational budget for
a video encoding routine; and

a processor that executes the instructions to establish the
threshold, determine a number of processing cycles
used as the video frame is encoded, and adjust the
encoding routine based on the determined number of
processing cycles relative to the threshold.

53. A method comprising:

encoding a first portion of a video frame using a first
encoding technique; and

encoding a second portion of the video frame using a
second encoding technique.
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54. The method of claim 53, wherein the first encoding
technique includes a motion- and texture-based encoding
technique, and the second encoding technique includes a
non-motion based encoding technique.

55. A method comprising:

encoding a first set of video blocks of a video frame
according to a first encoding mode when a number of
processing cycles used during encoding of the video
frame is less than a threshold; and

encoding a second set of video blocks of the video frame
according to a second encoding mode when the number
of processing cycles exceeds the threshold.
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56. The method of claim 55, wherein the first encoding
mode includes motion-based encoding and the second
encoding mode excludes motion-based encoding.

57. A computer readable medium comprising a video
frame encoded compliant with an MPEG-4 standard,
wherein the video frame includes (N) video blocks, wherein
a first sequence of video blocks (1 to M) are substantially
encoded using motion vectors, and wherein a second
sequence of video blocks (M+1 to N) are encoded without
using motion vectors.



